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Disclaimer 
 

This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein 
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States government or Lawrence Livermore National Security, LLC. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States government or 
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
endorsement purposes. 
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Executive Summary 

The Seismic Evaluation of Building 341 located at Lawrence Livermore National Laboratory in 
Livermore, California has been completed.  The subject building consists of a main building, 
Increment 1, and two smaller additions; Increments 2 and 3.   

Increment 1, constructed in 1963, is a one-story steel framed structure with a partial mezzanine, 
concrete shear walls and exterior precast concrete panels.  The building is rectangular in plan 
with plan dimensions of approximately 180 feet in the North-South direction and 140 feet in the 
East-West direction.  Overall building height varies between 22 feet at the low roof and 32 feet at 
the high roof. 

Increment 2, constructed in 1973, is a one-story steel framed building with exterior precast 
concrete tilt-up panels.  Increment 2 is located on the West elevation of Increment 1 and the east 
wall of Increment 2 is created by the West wall of Increment 1.  There is a two-inch separation 
between the two structures.  The building is rectangular in plan with overall dimensions of 102 
feet in the North-South direction and 25 feet in the East-West direction.  Building height is 
approximately 20 feet. 

Increment 3, constructed in 1975, is a one-story concrete and wood framed structure.  Increment 
3 is located on the North elevation of Increment 1 and the south wall of Increment 3 is created by 
the North wall of Increment 1.  Furthermore, a portion of the Increment 3 roof is supported 
directly by the precast panels on the North elevation of Increment 1.  The building is rectangular 
in plan with overall dimensions of 39 feet in the North-South direction and 76 feet in the East-
West direction.  Building height is approximately 12 feet. 

Tier 1 seismic evaluations of Increments 2 and 3 and a Tier 3 seismic evaluation of Increment 1 
were conducted in accordance with ASCE 41-13, with a seismic performance goal of Life 
Safety, which is in agreement with Performance Category 1 (PC-1) as defined in Department of 
Energy Standard 1021-1993.  

Based on our evaluation the building does not meet a Life Safety performance level for the BSE-
1E earthquake ground shaking hazard.  The BSE-1E is the recommended seismic hazard level 
for evaluation of existing structures and is based on a 20% probability of exceedence in 50 years.   

Our evaluation identified the following key deficiencies: 

Increment 1 

 Precast panel to panel connection on lines 4, A and K along the vertical joint are 
overstressed. 

 The roof diaphragm at the high roof along lines E and K is overstressed in shear. 

 There is a lack of a collector connection between the low roof framing and the concrete 
shear walls on lines C and E.  There are significant loads that need to be dragged to these 
walls, yet there is no direct connection.  
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 There is a lack of a collector connection between the low roof/mechanical roof framing 
south of line E and the concrete shear wall on line 2. 

 The horizontal double angle diaphragm bracing connections are overstressed at lines 2/A 
and 2/K.  

Increment 2 

 The braced frames located on the East and West sides of Increment 2 do not have the 
capacity to develop the yield strength of the braces. 

 The gap between Increments 1 and 2 is only 2-inches, which will result in damage due to 
pounding. 

 In addition to relatively small gap between the two structures, the expected lateral drift in 
the east-west direction exceeds the acceptable limit of 2.5%. 

 The moment frame beam-column connections do not have adequate capacity to develop 
flexural yielding of the beams. 

 

Based on the deficiencies listed above, we recommend that the following seismic strengthening 
measures be implemented to achieve a Life Safety performance level: 

1. Increment 1 

a. Add collector connections between the existing low roof steel beam and the 
concrete shear walls on lines C and E. 

b. Strengthen the beam-column connections along line 2 at the low roof to transfer 
the collector demands to the concrete shear wall on line 2. 

c. Strengthen the beam-column connections along lines C and E at the low roof to 
transfer the collector demands to the concrete shear walls on lines C and E. 

d. Strengthen precast panel to panel connections along vertical joints at lines 4, A 
and K. 

e. Strengthen double angle horizontal bracing connections at grid lines 2/A and 2/K 
by adding welds to the existing connections. 

f. Strengthen the high roof diaphragm between lines E and K. 

2. Increment 2 

a. Strengthen the braced frame connections on the east and west sides of the 
building to develop the capacity of the diagonal braces. 
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1.0 Introduction 

This report presents the results of the Tier 1 and Tier 3 Seismic Evaluations of Building 341 
located at Lawrence Livermore National Laboratory in Livermore, California.  Building 341 
consists of three separate structures; a main building (Increment 1) and two small additions 
(Increments 2 and 3).  As outlined in our proposal we performed Tier 1 evaluations on the small 
additions and a detailed Tier 3 evaluation on the main structure.   
 
The seismic evaluations were performed in accordance with ASCE 41-13 Seismic Evaluation 
and Retrofit of Existing Buildings.   Our evaluations only included the main building structures.  
We did not evaluate the nonstructural systems or any non-building structures located within the 
buildings.  As requested by Lawrence Livermore National Laboratory the desired performance 
level is Performance Category 1 (PC-1) as defined in Department of Energy Standard 1021-
1993, which corresponds to Life Safety performance (S-3) in accordance with ASCE 41-13. 
 
Our evaluation was based upon the original structural design drawings prepared by the following 
parties: 

 Increment 1: Structural drawings prepared by Garretson, Elmendorf, Klein and Reibin, 
Architects and Engineers, dated February 18, 1963. 

 Increment 2: Architectural and Structural drawings prepared by University of California 
Lawrence Radiation Laboratory Plant Engineering, dated April 5, 1973. 

 Increment 3: Architectural and Structural drawings prepared by Garretson, Elmendorf, 
Zinov and Reibin, Architects and Engineers, dated October 29, 1975. 

Material properties for Increment 1 were based on a previous seismic evaluation report 
“Preliminary Seismic Evaluation for B-341”, dated December 4, 1984. 
 
A site visit was performed on November 6, 2013 to review the existing condition of the building 
and confirm that the available documents accurately represent the as-built structure.  Based on 
our site visit we were able to confirm that the majority of the lateral load resisting system was 
built as shown on the original construction drawings. 
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2.0 Seismicity and Soils 

The building site is located near the center of the Lawrence Livermore National Laboratory 
Campus on the north side of Third Street west of South Gate Drive, as shown in Figure 1.  The 
building site is level, as is the majority of the campus.  According to the USGS Quaternary Fault 
Maps the Greenville Fault is located approximately 3 km to the north east of the campus and the 
Las Positas Fault is located approximately 1 km to the south.  Both of these faults are capable of 
generating strong ground shaking at the building. 
 

 

Figure 1 – Lawrence Livermore National Laboratory Vicinity Map 

 
Several soil boring logs were included on the Increment 1 drawings.  The soil boring logs 
indicate fairly stiff soil, with blow counts of 20 to 30 blows/foot over the top 12 feet and greater 
than 50 blows/foot below a depth of 12 feet.  Based on the soil boring data we have assumed a 
site class D in accordance with ASCE 41-13.   
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In accordance with the procedures in ASCE 41-13 and after consultation with the Lab, we have 
used the BSE-1E earthquake as the seismic hazard level for our evaluation of the structures.  The 
BSE-1E corresponds to a uniform hazard spectrum with a 20% probability of exceedence in 50 
years.  We obtained seismic hazard values from the United States Geological Survey’s (USGS) 
online web application and modified them for Site Class D.  The following values were used to 
construct the General Response spectrum in accordance with ASCE 41-13: 

 SXS = 0.98 g 

 SX1 = 0.52 g 

As a point of comparison DOE Standard 1020-2002 references the 2000 International Building 
Code (IBC) for seismic hazard level for PC-1 and DOE Standard 1020-2012 references ASCE 7-
10 for seismic hazard level for PC-1.  Based on data from USGS, the following seismic design 
values were obtained for IBC 2000 and ASCE 7-10, both of which are based on a hazard equal to 
two-thirds of the Maximum Considered Earthquake: 

1. IBC 2000 
a. SDS = 1.11 g 
b. S1S = 0.62 g 

2. ASCE 7-10 
a. SDS = 1.33g 
b. SD1 = 0.76 g 

Figure 2 shows a comparison of all three response spectrum derived from the seismic hazard 
values. 

 

Figure 2 – Comparison of Response Spectrum
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3.0 Building Description 

Building 341, originally named the Pulsed Energy Research Building, was constructed in three 
phases.  The main building, Increment 1, was constructed in approximately 1963.  Two additions 
were later made to the building; Increment 2, in approximately 1973 and Increment 3 in 
approximately 1975.  Increment 1 is a one-story structure with high roof and low roof areas.  
There is a partial mezzanine in one half of the high roof area.  Increment 2, which is an 
independent structure, is one-story in height and is located on the west side of Increment 1.  
Increment 3 is a one-story structure located on the North side of  Increment 1.  Increment 3 has 
its own lateral force resisting system, but is structurally connected to the North wall of Increment 
1. 

A key plan of the building, which identifies all three increments, is shown in Figure 3. 

 

Figure 3 – Building 341 Key Plan 

 

N 
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3.1 Building Structure 

3.1.1 Increment 1 

Increment 1 is a one-story steel and concrete building with a partial mezzanine and exterior 
precast concrete tilt-up panels.  The building is rectangular in plan with overall dimensions of 
180 feet in the North-South direction and 140 feet in the East-West direction.  A 3D image of the 
building structure is shown in Figure 4. 

 

Figure 4 – 3D Image of Increment 1 
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The original foundation plan is shown in Figure 5. 

 

Figure 5 – Increment 1 Foundation Plan 

The building consists of a high roof and low roof area.  Building height at the high roof areas is 
approximately 32 feet and building height at the low roof areas is approximately 22 feet.  The 
high roof area has a width of approximately 67 feet in the East-West direction, a portion of 
which extends over a mechanical room located on the low roof.  Figure 6 shows an East-West 
cross-section through the building, where the step in roof elevation can be seen. 
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Figure 6 – Increment 1 East-West Cross-Section 

There is a partial mezzanine located in the southern half of the high roof area, between grid lines 
E to K and 1 to 2.  The mezzanine has plan dimensions of the 100 feet in the North-South 
direction and 50 feet in the East-West direction and a finished floor elevation of 13 feet. 

At the low roof there is a mechanical room, which extends between grid lines B to J and 2 to 2a.  
The mechanical room has plan dimensions of approximately 140 feet in the North-South 
direction and 17 feet in the East-West direction.  The southwest corner of the mechanical roof is 
shown in Figure 7. 

 

Figure 7 – Southwest Corner of Mechanical Room 
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Gravity Load System 

Increment 1’s main gravity load resisting system consists of 18 gauge metal deck, supported by 
wide flange steel beams, girders and columns.  At the mezzanine, gravity loads are supported by 
a reinforced concrete slab, which spans between either steel wide flange beams, girders and 
columns or reinforced concrete beams and walls.  At the mechanical room, the gravity load 
resisting system consists of a reinforced concrete slab, which spans between steel wide flange 
beams, girders and columns.  Foundations consist of spread footings beneath columns and strip 
footings beneath cast-in-place concrete walls.  The precast concrete panels span between the 
building columns and are supported by the spread footings located at building columns. 

 

Lateral Force Resisting System 

The lateral force resisting system consists of both precast and cast-in-place reinforced concrete 
shear walls.  The precast walls are located at the exterior of the building.  The cast-in-place walls 
are located in the high roof area on lines C, E and 2 and below the mezzanine in both the East-
West and North-South directions.  The precast walls are six inches thick and the cast-in-place 
walls are 8 inches thick.   

At the exterior of the building and at the cast-in-place concrete walls at the high roof area, lateral 
loads are delivered to the shear walls by an 18 gauge metal deck, which is puddle welded to the 
supporting steel beams.  In addition to the metal deck diaphragm, horizontal double angle 
bracing was also provided in the plane of the low and high roof levels, which also deliver loads 
to the shear walls.  The double angle bracing at the low roof level can be seen in Figure 8.  At the 
mezzanine and mechanical room, lateral loads are delivered to the shear walls by the reinforced 
concrete slab.  Horizontal shear loads from the precast panels are delivered to the soil by dowels 
into the building slab-on-grade and overturning forces are delivered to the building columns and 
their supporting spread footings by welded concrete inserts between the panels and columns.  
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Figure 8 – Increment 1 Low Roof Framing Plan 

3.1.2 Increment 2 

Increment 2 is a one-story steel framed building with exterior precast concrete tilt-up panels.  
Increment 2 is located on the West elevation of Increment 1 and the east wall of Increment 2 is 
created by the West wall of Increment 1.  The building is rectangular in plan with overall 
dimensions of 102 feet in the North-South direction and 25 feet in the East-West direction.  
Building height is approximately 20 feet.  The original roof framing plan is shown in Figure 9. 

 

Figure 9 – Increment 2 Roof Framing Plan 
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Gravity Load System 

Increment 2’s gravity load resisting system consists of metal deck, supported by wide flange 
steel beams, girders and columns.  Columns are supported by spread footings along the west side 
of the building and by a strip footing adjacent to Increment 1. 

Lateral Force Resisting System 

Lateral loads are resisted by several different systems. In the East-West and North-South 
directions the exterior precast panels are directly attached to the roof diaphragm and will 
therefore participate in resisting lateral loads.  In addition to the precast panels, in the East-West 
direction it appears that there is a steel moment frame on every column line and in the North-
South direction there are two tension only steel braced frames on each line as shown in Figure 
10.  Lateral loads are delivered to the vertical lateral force resting elements by the metal deck 
diaphragm. 

 

Figure 10 – Increment 2 Tension Only Bracing 

 

3.1.3 Increment 3 

Increment 3 is a one-story concrete and wood framed structure.  Increment 3 is located on the 
North elevation of Increment 1 and the south wall of Increment 3 is created by the North wall of 
Increment 1.  Furthermore, a portion of the Increment 3 roof is supported directly by the precast 
panels on the North elevation of Increment 1.   
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The building is rectangular in plan with overall dimensions of 39 feet in the North-South 
direction and 76 feet in the East-West direction.  Building height is approximately 12 feet.  The 
original roof framing plan is shown in Figure 11. 

 

Figure 11 – Increment 3 Roof Framing Plan 

Gravity Load System 

Increment 3 consists of a concrete core, where gravity loads are supported by a reinforced 
concrete slab and walls.  Around three sides of the concrete core is a wood framed structure, 
where loads are gravity loads are supported by wood joists, which span between the concrete 
core and exterior wood framed stud walls, except on the south side, where the joists span to the 
exterior wall of Increment 1.  The concrete and wood stud walls are supported on continuous 
strip footings. 

 

Lateral Force Resisting System 

Lateral loads are resisted by reinforced concrete walls located at the central concrete core 
structure.  Lateral loads are delivered to the concrete walls by a reinforced concrete slab as well 
as a plywood panel diaphragm located on three sides of the concrete core. 
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3.2 Condition Assessment 

The buildings were constructed between approximately 1963 and 1975 with what appears to be a 
typical level of construction quality for the time period.  During our site visit we did not observe 
any significant signs of deterioration.  We did observe a small amount of concrete spalling at 
several of the precast panel connections on the east wall of Increment 1.  In general, the 
buildings appear to be in good physical condition and have been well maintained. 
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4.0 Seismic Evaluations of Increments 2 and 3 

As described in our proposal we performed Tier 1 Seismic Evaluations of Increments 2 and 3 in 
accordance with ASCE 41-13.  Tier 1 Evaluations consist of completing a series of checklists 
and simple “quick check” calculations of the lateral force resisting system.  In agreement with 
PC-1 the selected seismic performance level for the evaluations was Life Safety (S-3) in 
accordance with ASCE 41-13. 

We have assumed, that where cranes are present within the buildings, that they will be parked at 
the end of the rails and that catches are provided to ensure that the cranes will remain properly 
seated on the rails during a seismic event. 

4.1 Increment 2 

Given that there are three systems that contribute to resisting lateral forces in Increment 2, in 
addition to the Life Safety Basic Configuration Checklist, checklists for the following systems 
were completed: 

 Steel Moment Frames with Stiff or Flexible Diaphragms (S1/S1A) 

 Steel Braced Frames with Stiff or Flexible Diaphragms (S2/S2A) 

 Precast/Tilt-up Concrete Shear Walls Stiff or Flexible Diaphragms (PC1/PC1A) 

Completed checklists as well as accompanying structural calculations are contained in Appendix 
B. 

Based on the checklists and associated calculations, the following deficiencies were identified: 

 Adjacent Buildings.  There is only a 2-inch gap between the columns of Increment 2 and 
the exterior wall of Increment 1.  It is likely that pounding will occur at this location, 
causing damage to the wall of Increment 1 and to the steel framing of Increment 2.  
Given the relatively low weight of Increment 2 and the relatively long length over which 
contact will occur, we do not believe the pounding damage will lead to a collapse, and 
therefore is not a life-safety concern. 

 Torsion.  Due to the long line of precast panels on the west side of the building and the 
lack of panels on the east side of the building there is a large eccentricity between the 
center of mass and the center of rigidity.  However, given that the roof is a flexible 
diaphragm, this is not a life-safety concern. 

 Moment Frame Beam-Column Connections.  The drawings do not provide details of the 
beam-column moment connections.  However, based on visual observation of the 
connections and an evaluation of the connections demands based on the capacity of the 
panel zones it appears that there is likely adequate strength.  The system is also expected 
to undergo limited inelastic action, therefore we do not believe this is a life-safety 
concern. 
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 Moment Frame Panel Zones.  Column panel zones do not have the shear capacity to resist 
the shear demand required to develop 80% of the flexural strength of the beams.  
However, given the low moment frame bending demand-capacity ratio from the quick 
check and the presence of the diaphragm and concrete shear  walls located at the ends of 
the building, we do not believe this is a life-safety concern.  Furthermore, a quick Tier 2 
check reveals that the panel zones have adequate strength when evaluated for the actual 
shear demand and the appropriate m-factor. 

 Moment Frame Drift Check.  The lateral drift of the moment frames calculated using the 
quick check procedure and a 2-dimensional ETABS model is 5.4%, which exceeds the 
acceptable limit of 2.5%.  Other than local damage associated with pounding at the 
exterior wall of Increment 1, we do not believe this is a life-safety concern. 

 Transfer to Steel Frames.  The original construction documents do not indicate the type 
and frequency of attachment between the metal deck and the moment frames.  However, 
given that every transverse column line is a moment frame and the concrete panels are 
directly connected to the columns and beams, there is very little demand on the 
diaphragm, therefore, we do not believe this is a life-safety concern. In addition, there is 
probably some nominal connection between the deck and beams. 

 Moment Frame Redundancy.  The number of bays per moment frame line is less than 2.  
However, given that every transverse line is a moment frame the building has significant 
redundancy, therefore we do not believe this is a life-safety concern. 

 Moment Frame – Interfering Walls.  The precast panels on the North and South sides of 
the building are in the same plane as the moment frames and will resist lateral loads.  Per 
the precast panel quick check, the panels have adequate capacity to resist the lateral loads 
they are subjected to, therefore, this is not a life-safety concern. 

 Braced Frame Connection Strength.  The brace connections do not develop the yield 
capacity of the diagonal braces. 

 Braced Frame Joints.  The diagonal braces do not frame into the beam-column joints 
concentrically.  There is an eccentricity in the connections at each end of the braces. 

4.2 Increment 3 

In addition to the Life Safety Basic Configuration Checklist the checklist for Concrete Shear 
Walls with Stiff or Flexible Diaphragms (C2/C2A) was completed. 

Completed checklists as well as accompanying structural calculations are contained in Appendix 
C. 

Based on the checklists and associated calculations, the following deficiency was identified: 
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 Adjacent Buildings.  The south side of the wood framed roof of Increment 3 is directly 
supported by the exterior precast concrete panels on the North elevation of Increment 1.  
This could lead to some damage to the roof structure of Increment 3 due to differential 
movement between the two structures.  We do not believe this is a life-safety concern 
given the relatively stiff lateral force resisting systems present in both structures. 
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5.0 Seismic Evaluation of Increment 1 

Increment 1 was evaluated in accordance with ASCE 41-13 using a Tier 3 procedure.  A Tier 3 
evaluation consists of a detailed analysis of the building structure using a 3-dimensional model 
and involves a complete check of the lateral load resisting system and its elements.  In agreement 
with PC-1 the selected seismic performance level for the evaluation was Life Safety (S-3) in 
accordance with ASCE 41-13. 

Detailed structural calculations that were performed for the Tier 3 evaluation are included in 
Appendix D. 

5.1 Summary of Tier 3 Seismic Evaluation 

The building was analyzed and evaluated in accordance with ASCE 41-13 Tier 3 using a linear 
dynamic procedure.  A three-dimensional model of the building was created in SAP2000.  A 3D 
perspective view of the model is shown in Figure 12.  The concrete shear walls, concrete slabs 
and steel roof diaphragm were explicitly modeled using shell elements.  The double angle 
bracing and beams and columns, where needed, were modeled using beam-column elements.  
The stiffness of the shell elements was modified to account for cracking based on the 
recommendations in ASCE 41.  Material properties were based upon the structural drawings as 
well as the preliminary evaluation document contained in Appendix A. 

 

Figure 12 – 3D Perspective View of Analysis Model 
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Self-weight of the concrete walls and slabs was directly used for assembling the model mass.  A 
distributed area mass was applied to the roof diaphragms based on a separate weight takeoff.  
The model was analyzed using the General Response Spectrum developed for the BSE-1E 
earthquake following the procedure in Section 2.4.1.7 of ASCE 41.  The General Response 
Spectrum is shown in Figure 13.   

 

Figure 13 – ASCE 41-13 General Response Spectrum 

Modal damping of 5% was used in the analysis.  Forty modes were used in the analysis to 
achieve a total of 95% mass participation in each of the principal horizontal axes. 

Based on the analysis model, the fundamental period of the fixed based structure is 
approximately 0.29 seconds in the transverse (East-West) direction and 0.21 seconds in the 
longitudinal (North-South) direction. 

Per the requirements of ASCE 41-13, the demands from the model on deformation controlled 
(ductile) elements were further increased by the product of the factors C1 and C2, which was 
taken from Table 7-3, and is equal to 1.4.  This was accomplished by scaling the general 
response spectrum up by this value.  The model demands on deformation controlled elements 
were then reduced by the appropriate m-factor per ASCE 41-13.  The demands on force 
controlled (brittle) elements taken from the model were reduced by the product of the factors C1 
and C2 per ASCE 41-13. 

We have assumed, that where cranes are present within the building, that they will be parked at 
the end of the rails and that catches are provided to ensure that the cranes will remain properly 
seated on the rails during a seismic event. 

5.2 Results of Tier 3 Seismic Evaluation 

Based on the Tier 3 seismic evaluation of Increment 1 the building does not meet a Life Safety 
performance level for the BSE-1E earthquake ground shaking hazard.  The evaluation has 
resulted in the identification of the following deficiencies. 
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 Precast panel to panel connection along the vertical joint are overstressed as they attempt 
to transfer shear forces between adjacent panels.  The demand on the vertical panel 
connections results from the panels attempting to act as a single reinforced concrete shear 
wall.  The connections are overstressed on Lines 4, A and K. 

 The roof diaphragm at the high roof along lines E and K is overstressed in shear. 

 There is a lack of a collector connection between the low roof framing and the concrete 
shear walls on lines C and E.  There are significant loads that need to be dragged to these 
walls, yet there is no direct connection.  

 There is a lack of a collector connection between the low roof/mechanical roof framing 
and the concrete shear wall on line 2.  There is adequate connection between the concrete 
slab at the mechanical roof and the concrete wall; however, there is inadequate 
connections between the beams south of the shear wall that drag the loads to the wall. 

 The horizontal double angle diaphragm bracing connections are overstressed at lines 2/A 
and 2/K.  These angles serve to transfer some of the diaphragm forces to the perimeter 
precast walls.  The angles have adequate axial capacity; however, the connections are 
inadequate.  

 When evaluated as force controlled using lower bound material properties, some of the 
precast concrete walls have inadequate strength to span out-of-plane to supporting 
elements, such as steel wide flange strong backs or the roof beam.  However, when 
expected material properties are used, the panels have adequate strength.  Therefore we 
do not believe this item is a life-safety concern. 

 The precast panel strong back at grid line A/1a, which is also a building column, is 
slightly overstressed in bending when subjected to out-of-plane wall loading.  However, 
given the flexural yielding is a ductile mechanism, we do not believe this is a life-safety 
concern.
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6.0 Seismic Strengthening 

Based on the results of the Tier 1 and Tier 3 seismic evaluations of Building 341, the building 
does not meet the Life Safety performance level for the BSE-1E earthquake ground shaking 
hazard.  Several deficiencies were identified that require mitigation in order to achieve a Life 
Safety performance level.  The following is a list of seismic strengthening measures, in order of 
importance, that we recommend be implemented to achieve a Life Safety performance level: 
 
Increment 1 

1. Add collector connections between the existing low roof steel beam and the concrete 
shear walls at lines 2/C and 2/E as shown in Figure 14, Figure 15 and Figure 16. 

2. Strengthen the beam-column connections along line 2 at the low roof to transfer the 
collector demands to the concrete shear wall on line 2 as shown in Figure 14 and Figure 
17. 

3. Strengthen the beam-column connections at lines 3/C and 3/E at the low roof to transfer 
the collector demands to the concrete shear walls on lines C and E as shown in Figure 18. 

4. Strengthen precast panel to panel connections along vertical joints at lines 4, A and K as 
shown in Figure 19 (interior of building) or Figure 20 (exterior of building). 

5. Strengthen double angle horizontal bracing connections at grid lines 2/A and 2/K by 
adding welds to the existing connections as shown in Figure 21. 

6. Strengthen the high roof diaphragm between lines E and K by adding new horizontal 
bracing as shown in Figure 22. 
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Figure 14 – Low Roof Framing Plan with Seismic Strengthening 
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Figure 15 – Collector Connection at Lines 2/C and 2/E 
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Figure 16 – Collector Connection to Shear Wall at Lines 2/C and 2/E 
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Figure 17  - Collector Connection along Line 2 

 

Figure 18 – Collector Connection at Lines 3/C and 3/E 
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Figure 19 – Precast Panel-Panel Connection Strengthening (Interior Face) 

 

Figure 20 – Precast Panel-Panel Connection Strengthening (Exterior Face) 
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Figure 21 – Strengthening of Existing Horizontal Bracing at Lines 2/A and 2/K 
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Figure 22 – Partial High Roof Framing Plan - Horizontal Bracing 

 

Increment 2 

1. Strengthen the brace connections on the east and west sides of the building to develop the 
capacity of the diagonal braces. This involves removing the existing gusset plates and 
replacing with new gusset plates and at the column base, extending the base plate.  
Strengthening is shown in Figure 23, Figure 24 and Figure 25.   
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Figure 23 – Increment 2 – East and West Braced Frame Elevations 

 

Figure 24 – Strengthening of Tension Only Brace Connection at Roof 

 

FIG. 
24 

FIG. 
25 
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TYP.
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Figure 25 - Strengthening of Tension Only Brace Connection at Column Base
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Appendix A: Increment 2 Tier 1 Check Lists and Calculations
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Appendix B: Increment 3 Tier 1 Check Lists and Calculations
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Appendix C: Increment 1 Tier 3 Calculations 

 
 
 






































































































































































































































































































